InTRODuCTIOn
Recent years have seen an increasing emphasis given to face and smile esthetics by dental professionals and patients alike.
Smile analysis is part of a broader facial morphology analysis and allows dentists to recognize positive and negative elements in each patient's smile. The literature suggests that some characteristics, such as the following, should be assessed: Smile line, 1 curvature of the upper and lower lip, 1-5 parallelism between the curvature of the incisal edges and the lower lip, 2, 6, 7 transverse dimension, smile height, 8 upper and lower lip thickness, 1 lip symmetry, 1 buccal corridor, 1,4,8 extent of elevation of the upper lip, 1 amount of exposure of central 1 and lateral 1 incisors, and gingival display. 2, 8, 9, 10 Depending on the type of malocclusion, patient's facial pattern and mechanics adopted, orthodontic treatment can prove either beneficial or harmful to smile esthetics. Thus, it is reasonable to regard facial analysis as an important tool for diagnosis and orthodontic treatment planning.
Maxillary constriction is very common in orthodontic patients in the mixed dentition stage, which can affect occlusion, facial development and smile esthetics. Rapid maxillary expansion (RME) is a treatment often indicated for correction of transverse skeletal deficiency by means of maxillary expansion appliances. 6, 12, 21, 22 Based on the belief that it is important to learn in advance about the effects of orthodontic mechanics on smile esthetics with a view to benefitting patients, this study aimed to verify the possible changes in smile characteristics after RME in patients with mixed dentition.
MATERIAL AnD METHODS Sample
The sample consisted of 81 extraoral photographs of maximum smiles of 27 patients from the Department of the Graduate Program in Orthodontics at UMESP, mean age 10 years and 3 months (between 8 and 11 years), 15 women and 12 men with maxillary constriction, after RME. The following patient inclusion criteria were used: Presence of posterior unilateral or bilateral crossbite requiring maxillary expansion as the first phase of orthodontic treatment; mixed dentition with complete eruption of permanent first molars and incisors; absence of congenital syndromes or deformities; no prior orthodontic treatment, mutilations or dental agenesis. This study was approved by the UMESP Ethics Committee (file #164761).
Methods

Rapid maxillary expansion
The appliance used to perform RME was a modified 11 Hyrax type expander, which was attached to the patient's arch by cementing bands with glass ionomer and bonding metal stop rests to the buccal and palatal surfaces of the deciduous canines using composite resin (Fig 1) .
The activation protocol was as follows: 12 A full turn applied by the researcher immediately after placement of the appliance, 2/4 turn once a day applied by the patient's legal guardian until the desired expansion overcorrection was achieved (palatal cusp of the upper first permanent molar occluding with the buccal cusp of the first lower permanent molar). As soon as activation was completed, the appliance was kept in place for retention for 3 months. 12 Thereafter, the expander was removed and an acrylic plate was used for retention for 3 months.
Photographs
In order to evaluate the smiles, standardized frontal photographs of the patients' faces were taken at the following times: » T 1 : Before placing the expander » T 2 : 3 months after completing expansion » T 3 : Six months after completing expansion (3 months after removal of the expander). All photographs were taken in the same room to ensure uninterrupted lighting, with the same camera (Canon EOS Rebel XT) and focal length, which was achieved by attaching the camera to a stabilizing mount specially designed for this purpose. 10, 13 The patients were instructed to stand upright and position their heads in front view one meter away from the camera. Oriented Natural Head Position was adopted as it is considered reliably reproducible in literature. 7, [14] [15] [16] [17] The cephalostat had a millimeter ruler attached to its horizontal structure and was adapted to the external auditory canal of the patients for head stability. The ruler was incorporated into the photographs to assist in calibrating all linear measurements.
To standardize the smile at the three study times, patients were instructed to produce a posed, voluntary, self-induced smile, which can be repeated at different times as it involves maximum lip expansion. 1
Smile analysis
To calibrate the size of the photographic image to a real dimension, all digital images were imported into Cef X 2001 (CDT) software. This program provides a tool to measure the virtual distance of 1 cm viewed on the millimeter ruler (actual value) for each photograph. The digital images of the patients were then loaded into Adobe Photoshop 7.0 (Adobe Systems) and by manipulating the image size tool and using the percentage value of magnification previously obtained, each image was converted to their real size.
Smile analysis measurements
Once converted to their real size, the images were imported into the Cef X 2001 program for analyzing the smiles at the three different times. Some of the measurements required the construction of the following reference lines ( Fig 2) : 1) Right and left labial commissures: Horizontal line joining the right (RLC) and left (LLC) labial commissures. 2) Smile center: Geometric center of the rectangle formed by two lines parallel to the line of the rima oris and tangent to the uppermost points on the edge of the upper lip and the lowermost points on the edge of the lower lip, in addition to 2 perpendicular lines passing through RLC and LLC.
3) Vertical line at the center of the smile: perpendicular to the line of the rima oris, passing through the center of the smile. 4) Horizontal line at the center of the smile: parallel to the line of the rima oris, passing through the center of the smile. 5) Facial midline: Line passing through the lip philtrum. After establishing the reference lines on the images of the smiles of each patient at the three different times, linear measurements were obtained with Cef X 2001 and used in analyzing the smile in the horizontal and vertical directions as well as its symmetry:
Horizontal evaluation of the smile (Fig 3) 1) Transverse dimension of the smile: Distance between the right and left labial commissures (RLC and LLC). 2) Right and left buccal corridors: Distances between the right (RBE) and left (LBE) buccal extremes and their respective inner portions of the labial commissures, i.e., right internal angle (RIA) and left internal angle (LIA), orthogonally to the vertical smile.
Vertical smile evaluation (Figs 4 and 5)
1) Incisor exposure: Distances between the midpoints on the incisal edges of central incisors and right and left upper laterals (I11, I21, I12, I22) and their respective uppermost points at the intersection with the long axis of these teeth. 2) Gingival display: Distances between the cervical points of the right and left central incisors (C11 and C21) and their respective points of intersection between the lower edge of the upper lip and the long axes of these teeth (UL-11 and UL-21). 
Statistical analysis
To evaluate method error all measurements of one of the smile photographs of each patient were repeated 30 days after the first measurement. Random error was verified using Dahlberg's formula 18 and systematic error by Intraclass Correlation. 19 To evaluate changes in the characteristics of the smile during the different phases, analysis of variance (ANOVA) was employed at a significance level of 0.05 (α=5%). Variables that showed statistically significant differences were tested using Bonferroni's multiple comparisons test 19 to assess at what time(s) the changes occurred.
To verify smile symmetry, the measurements from the incisors to the lower lip were compared using analysis of variance (ANOVA) with repeated measurements Assessment of changes in smile after rapid maxillary expansion original article of two factors, assuming a symmetrical component correlation matrix, 20 followed by Bonferroni's 19 multiple comparisons test to compare pairs of interest.
RESuLTS
Method error
All measurements were found to be very consistent since the intraclass correlation values were close to 1, and random error could be considered acceptable given its low values in light of the magnitude of the measurements (mean = 0.367 mm, SD = 0.192).
Smile analysis
Horizontal evaluation of the smile (Table 1) The transverse dimension of the smile and the right buccal corridor showed statistically significant differences during the study period (p < 0.05). It was found that the transverse distance of the smile had a statistically significant increase from time T 1 to times T 2 and T 3 , and the right buccal corridor experienced a statistically significant decrease from time T 1 to times T 2 and T 3 .
Vertical evaluation of the smile
The amount of exposure of the upper incisors was the only variable to exhibit a statistically significant increase (p < 0.05) between T 1 and T 2 , and T 1 and T 3 . Gingival display, smile height and thickness of the upper and lower lips did not show any statistically significant changes during the study period (p > 0.05).
Symmetry assessment and smile arch
As regards the smile arch, no statistically significant difference was found in the distances of the incisal edges and the lower lip at different times. In comparing these distances according to place and time, there were statistically significant differences in terms of place (p < 0.05). The distance between the incisal edge of the right lateral incisor and lower lip was statistically higher than those of the right and left central incisors. This behavior was kept at the three different times (p > 0.05), i.e., the line formed by the incisal edges of the upper incisors was not parallel to the lower lip during treatment.
The smile showed symmetry between the left and right sides at all times as there was no statistically significant change in place (p = 0.852). However, a statistically significant increase was noted in the measurements of the right side of the smile during treatment between time T 1 and the other treatment times (T 2 and T 3 ). : Different superscript letters mean statistically significant differences, according to the smile characteristics (Bonferroni multiple comparisons).
Initial (T 1 ) 3 months (T 2 ) 6 months (T 3 ) p Mean + SD Mean + SD Mean + SD
Horizontal evaluation
DISCuSSIOn
While esthetics is one of the goals of the orthodontist and a paramount issue for most patients seeking orthodontic treatment, the importance of an objective analysis of the smile is still underestimate in diagnosing, planning and monitoring the results of the mechanics applied. 2, 4, 10 This study aimed to assess changes in the smile of patients undergoing RME, a technique which has been well established in literature. It consists in expanding the maxilla by splitting the palate in the region of the sutures to correct maxillary constriction and posterior crossbites. 6, 21, 22 According to the literature, smile evaluations can be conducted in either subjective or objective manner. 3, 4, 10, 23, 24 An attempt was made to focus on some features considered important and objective in analyzing the esthetics of the smile so that tangible results could be achieved unaffected by the researcher's personal or subjective interpretation.
Horizontal aspect of the smile
The dimension of the buccal corridor is seen as one of the characteristics that influence smile esthetics. 1, 4, 25 According to some authors, 4 the smaller the corridor, the better the esthetics. Although this study employed RME as its key mechanics, which might lead to expectations of a significant decrease in the buccal corridor, there was a statistically significant decrease only in the right buccal corridor, between T 1 and T 2 , and T 1 and T 3 .
However, changes of 1.29 mm (T 1 -T 2 ) and 1.13 mm (T 1 -T 3 ) do not seem to be clinically significant in view of the amount of expansion achieved (mean 5.96 mm).
The increased bone tissue support produced by expanding the dental arches also affects soft tissues. 4 Thus, the expected buccal corridor reduction effect may have been minimized by an increase in the transverse dimension of the smile caused by expansion of the soft tissues, which occurred concurrently with RME. The transverse dimension of the smile, measured between the labial commissures, showed a statistically significant increase between baseline and 3 months, and between baseline and 6 months. However, in the retention phase (3-6 months) the transverse dimension of the smile remained stable.
Although further studies are needed, the difference in the responses of the right and left buccal corridors could be explained by a difference in muscle tone between the two sides due to asymmetric chewing (predominance of one side over the other) in many patients.
Vertical aspect of the smile
This study showed that RME did not induce significant changes in the soft tissues in the vertical direction. Smile height and thickness of the upper and lower lips showed no statistically significant differences during the treatment. Thus, the thicker the lips, the greater the improvement in smile esthetics. 26 Central and lateral incisor's crown exposure was greater 3 and 6 months after expansion completion, compared to T 1 , with statistically significant differences, which corroborates the work of Ackerman and Ackerman. 2 This effect may have been produced by the anterior and inferior displacement of point A, found by many researchers after this procedure, 12, [27] [28] [29] [30] since there was no change in smile height or upper lip thickness, which might influence this measure. Increases in the amount of central and lateral incisor exposure can also be linked to improvement in some aspects given an increase in the perimeter of the dental arch brought about by expansion. To illustrate this finding, one can mention the dental arch form, the spontaneous correction of crowding and of lateral incisor inclination, which were initially influenced by the intra-bone canines. Regarding the possible influence of growth on this result, the authors believe that this factor had little or no influence on the increased exposure of the incisors, whereas this increase occurred only after palate splitting (between T 1 and T 2 ) and this change remained between the subsequent periods (T 2 and T 3 ) (Table 1) . Thus, this study shows that RME contributed to increased smile esthetics since ideally there should be total or partial incisor exposure, i.e., the greater the incisor exposure, the more enhanced the esthetics. 1,8 Exposures of less than 75% of the incisor crown are considered non-esthetic. 4 Another factor considered relevant to the analysis of the smile is the amount of gingival display in the region of maxillary central incisors. 2, 4, 8, 9, 28 According to some authors, the lower the gingival display, the more enhanced is smile esthetics. Although a slight tendency towards increased display of the gingival region of the central incisors could be noticed, especially between T 1 and T 2 , the differences were not statistically significant throughout the treatment and therefore did not influence smile esthetics in this sample.
Smile
Symmetry and smile arch
Alterations were found in the measurements of the right side of the smile during treatment, with a statistically significant increase between T 1 and T 2 , and T 1 and T 3 . However, smile symmetry was preserved between the left and right sides at all times studied (T 1 , T 2 and T 3 ). Another important aspect of smile esthetics is the relationship between the curvature of the incisal edges of maxillary anterior teeth and the curvature of the lower lip, called smile arch. The smile arch is considered esthetic when there is parallelism between these two reference lines. 5, 9, 24 To verify parallelism between the curvatures, measurements were made between the incisal edges of upper incisors and the corresponding points on the upper edge of the lower lip, and these measurements were then compared. The greater the similarity, the greater the perceived parallelism.
The distances between the incisal edges and the lower lip showed, on average, the same behavior throughout the treatment. The line formed by the incisal edges of the maxillary incisors was not parallel to the lower lip during treatment, whereas the distance between the incisal edge of the right lateral incisor and the lower lip was statistically higher than those of the right and left central incisors.
Given that orthodontic treatment can modify the smile, analyzing it is of utmost importance for diagnosis and planning, and to enable professionals to pursue and achieve a more esthetic smile. The author of this study therefore believes that learning about the effects of orthodontic mechanics on the smile by means of continued scientific endeavors can be very fruitful as it allows a prognosis to be set prior to starting the treatment, which can benefit the patient's facial esthetic. This study showed that RME helped to improve the esthetics of the smile. It should be emphasized, however, that other factors such as type of malocclusion and facial pattern also influence the patient's smile esthetics. Therefore, depending on the nature of the patient's condition, RME alone may not be sufficient to improve smile esthetics.
COnCLuSIOnS
According to the results, it is reasonable to conclude that RME enabled:
A statistically significant increase in the transverse dimension of the smile, while the buccal corridor remained virtually unchanged.
» An increase in the amount of exposure of the upper incisors. However, the smile height and the thickness of the upper and lower lips remained stable.
» Symmetry between the right and left sides was preserved, as well as a lack of parallelism between the curvature of the edges of the upper incisors and the curvature of the lower lip.
